Metastatic breast cancer has been a common indication for autologous hematopoietic stem cell transplantation (HSCT). Previous reports indicate 3-year survival and progression-free survival (PFS) rates after autotransplant to be about 30 and 15%, respectively. Most deaths are from recurrent disease. One potential cause for high relapse rates is graft contamination with tumor. We describe 14 women with metastatic breast cancer transplanted between 1991 and 1998 with hematopoietic cells from identical twins. Median age was 41 y (range 34-50). Most women (12 of 14) were treated with mastectomy, and all received anthracycline-based regimens in their pretransplant course; nine women also received a taxane, seven radiotherapy and three hormonal therapy. Four women were in complete remission (one CR, three CRU) at transplant, five were in partial remission, two had stable disease and two had progressive disease. Eight women have died, one of treatment-related causes and seven of progressive breast cancer. Three-year survival was 48% (21-71%) and 3-year PFS was 21% (5-45%). Although the number of patients is small, outcomes for women transplanted with syngeneic grafts are similar to those of women receiving autologous grafts. This suggests that residual cancer in the patient is the major contributor to relapse after transplantation for breast cancer. Bone Marrow Transplantation (2003) 32, 151-155.
cell transplantation
Metastatic breast cancer has a uniformly poor prognosis with median survival of about 2 years with standard chemotherapy regimens. Over the past 10 years, many investigators have studied the role of high-dose chemotherapy with hematopoietic stem cell transplant (HSCT) support in this disease. Observational studies suggest a small advantage for HSCT compared to traditional chemotherapy for women with metastatic disease; 1 however, one published randomized clinical trial (N ¼ 187 evaluated patients) did not confirm this benefit. 2 Likewise, other small, randomized trials, comparing high-dose with conventional therapy, have described equivocal results. [3] [4] [5] [6] These studies, thus far presented as abstracts with relatively short follow-up, have shown small improvements in progression-free survival (PFS), without improvement in overall survival. One study suggests that overall survival is improved with a strategy that delays HSCT until first recurrence. 3 Previous reports from the Autologous Blood and Marrow Transplant Registry (ABMTR) indicate 3-year probabilities of survival and PFS of 31% (95% confidence interval (CI), 28-34%) and 13% (95% CI: 10-16%), respectively, after autologous transplantation for metastatic breast cancer. 7 Published randomized trials comparing high-dose with conventional dose therapy for women with stage II/III breast cancer do not demonstrate a survival benefit with high-dose therapy at the present time. 8, 9 Despite transplantation, most women with metastatic breast cancer eventually relapse and die of their disease. There are two potential reasons for recurrence: (1) the disease is resistant to high-dose therapy and consequently, remains and regrows; and (2) reinfusion of breast cancer cells with the autologous graft leads to growth of new tumor implants. Increased risk of relapse in women with metastatic breast cancer has been associated with tumor cell contamination of the stem cell product. 10, 11, 12 No gene marking studies in breast cancer are available to suggest that residual tumor cells actually participate in the relapse. Investigators have studied methods of purging breast cancer cells from autografts but, to date, there is no evidence of superior survival after purged vs unpurged grafts. 13 The issue is complicated by the fact that patients with resistant disease may be more likely to have contaminated grafts and uncertainty regarding the efficiency of cancer cell removal with current purging methods. Only with cells from a healthy donor can one be sure that that the graft is uncontaminated with breast cancer cells.
The goal of this study was to describe the outcomes of women receiving syngeneic (identical twin) HSCT after highdose therapy for metastatic breast cancer. Outcomes of syngeneic transplantation may provide insight regarding the primary source of relapse in women failing high-dose therapy-the stem cell infusion or residual disease in the host.
Patients and methods

Data collection
The IBMTR is a voluntary working group of more than 400 transplantation centers worldwide that contribute detailed data on allogeneic and syngeneic HSCT recipients to a Statistical Center at the Health Policy Institute of the Medical College of Wisconsin in Milwaukee. Participating centers are required to register all transplants consecutively; compliance is monitored by on-site audits. Patients are followed longitudinally, with yearly follow-up. Computerized checks for errors, physicians' review of submitted data and on-site audits of participating centers ensure the quality of the data.
The IBMTR collects data at two levels: registration and research. Registration data include disease type, age, gender, pretransplant disease stage and chemotherapyresponsiveness, date of diagnosis, graft type (bone marrowand/or blood-derived stem cells), high-dose conditioning regimen, post-transplant disease progression and survival, development of a new malignancy and cause of death. Requests for data on progression or death for registered patients are at yearly intervals. All teams contribute registration data. Research data are collected on subsets of registered patients, including comprehensive pre-transplant and post-transplant clinical information such as tumor size and pathology, sites of disease, hormone receptor status, all cancer treatments before and after transplant, clinical status (including cardiac, pulmonary, renal and liver function) before and after transplant, doses of high-dose therapy, blood or marrow graft treatment and sites of post-transplant progression. Response is reported in the usual categories of complete response, partial response, stable or progressive disease. Owing to the difficulties of evaluating response of bony lesions in breast cancer, an additional category of 'complete response with exception of bone scan abnormalities of unknown significance' (CRU) can be reported for patients having response to therapy at nonbone disease sites without changes in bony lesions.
Patients
In total, 22 women receiving HSCT from identical twins between 1991 and 1998 for metastatic breast cancer were registered with the IBMTR. Detailed (Research) information regarding disease and transplant was available for 14 of these patients. Demographics and survival rates were similar in the Registration and Research databases.
Endpoints
Survival was the primary outcome of interest. Death from any cause was considered an event; survivors were censored at the time of last contact. PFS was defined as survival without recurrence or progression of breast cancer. Recurrence or progression of breast cancer and death from any cause were considered events. Women surviving without recurrence or progression were censored at date of last contact.
Statistical analysis
Descriptive tables of patient, disease and transplant characteristics are presented. Continuous variables are reported as medians with ranges; categorical variables are reported as absolute numbers and percent of total patients. Survival curves for overall survival and PFS were calculated using the Kaplan-Meier estimator.
14 Cumulative incidence rates were computed for treatment-related mortality and recurrence/progression.
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Results
In total, 14 women received syngeneic stem cell transplantation for metastatic breast cancer between 1991 and 1998, and were reported to the ABMTR by 13 centers. Of these, 12 women were followed more than 1 year and nine were followed more than 2 years. The median follow-up of survivors is 40 (30-58) months.
Patient-, disease-and transplantation-related characteristics of the 14 women are presented in Table 1 . The median age was 41 years, with a range of 34-50 years. In all, 86% of women had a Karnofsky performance score of 90% or better pretransplant. Most women were initially diagnosed with stage II/III breast cancer; 57% of women had estrogen receptor/progesterone receptor (ER/PR) positive tumors. Most women (86%) had three or fewer chemotherapy regimens pretransplant. Two women received one chemotherapy regimen, five received two, five received three, one received four and one received five regimens before proceeding to the high-dose therapy. Nine received a taxane and seven received radiation therapy at some point before transplant. In total 20% had more than three sites of metastases at some point in their illness. Nine women (64%) had disease sensitive to chemotherapy at the time of transplantation, four women were in complete remission (CR -1 patient) or CR with bone scan abnormalities of uncertain significance (CRU -three patients). Half of the women received cyclophosphamide and thiotepa with or without platinum as their conditioning regimen. Five received peripheral blood stem cells as the graft source. Six women received tamoxifen after transplantation; four of these women were hormone receptor positive before transplantation. One woman had a planned second syngeneic transplant as part of sequential therapy.
Outcomes are shown in Table 2 and Figure 1 . Four of 10 women with disease present at transplant experienced improvement in response to the transplant procedure. One person transplanted with progressive disease developed a complete response, as did another woman with stable disease at transplant. One woman with a partial response to pretransplant therapy had a complete response, and one woman with stable disease had a partial response.
Six of 14 women had either no response or progressed after HSCT. The patient with CR at the time of transplant continues to be free of breast cancer. The patient with stable disease, who developed CRU after transplant had a second syngeneic transplant (day 120) as a planned sequential transplant, and remains in CRU more than 3 years after the second transplant. All three women with CRU at transplant have progressed between 6 and 17 months after transplant.
Six women are alive at 24 months or more after HSCT; two of them are free of disease. There was only one treatment-related death, in a woman who died from interstitial pneumonitis at 68 days post-transplant after a partial response to high-dose therapy. Breast cancer was reported as the primary cause of death in the other seven women who died. Probabilities of survival and PFS at 3 years were 48% (95% CI: 21-71%) and 21% (95% CI: 5-45%), respectively.
Discussion
We briefly describe the outcomes of 14 women with metastatic breast cancer who received syngeneic HSCT. Treatment-related mortality was low; one patient of 14 died from interstitial pneumonitis within the first 100 days after transplantation. This treatment-related mortality rate does not appear to be substantially different from the 1 to 5% treatment-related mortality rates reported for patients receiving autologous transplantation. 8, 17 Probabilities of survival and PFS at 3 years in this group of women were 48 and 21%. A previous analysis from the ABMTR reports 3-year survival and PFS of 31% (95% CI: 28-34%) and 13% (95% CI: 10-16%) for women with metastatic breast cancer receiving autologous HSCT. 7 Outcomes of the transplant arm from a randomized trial are similar, with 3-year probability of survival of 32% and PFS of 6%. 2 Although the overall survival appears longer among women receiving syngeneic transplantation, these estimates are based on small numbers of patients that may not be directly comparable. Additionally, there appears to be no difference in the probability of PFS at 3 years.
Survival in women transplanted with stem cells obtained from twins appears to be similar to published results for women with metastatic breast cancer transplanted with CD34-selected autologous stem cells. With a median follow-up of only 16 months, Negrin et al 18 report a probability of survival and PFS at 2 years of 60 and 41%, respectively, in women with metastatic breast cancer treated with CD34-selected autografts. The survival and PFS appear similar to the twin transplant patients reported in this study (64 and 28%, Table 2 ), after considering the differences in length of follow-up between the two studies.
Speculation continues as to whether one of the sources of failure after autologous HSCT is clonogenic breast cancer cells in the stem cell reinfusion product. These data, from a small group of patients, do not support the hypothesis that contamination of the stem cell product by tumor cells is a major contributor to relapse or progression after transplantation for metastatic breast cancer. Relapse in these women after high-dose therapy appears to occur from endogenous breast cancer. Future trials of HSCT in metastatic breast cancer might focus on better eradication of disease pretransplant or taking advantage of the posttransplant minimal residual disease state to effectively deliver novel therapies, including immunotherapy.
